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BACKGROUND OF THE TNVENTTON 
L Field of the Invention 

The present invention relates generally to catheters for use in medical applications 
such as hemodialysis wherein fluids are withdrawn and/or introduced into a cavity of the 
body. The invention relates particularly to a hemodialysis catheter having internal means 
to automatically stop blood flow after a dialysis procedure has been conducted. 

2, Description of the Prior Art 

Hemodialysis is a process of mass transfer in which certain chemical substances 
accumulated in the blood because of kidney failure are transferred from the blood across 
a semipermeable membrane to a balanced salt solution in a dialysis machine. In a typical 
hemodialysis procedure, a double-lumen catheter is utilized to simultaneously withdraw 
blood from a body cavity through one channel or lumen for processing in a dialysis 
machine and to reintroduce the processed blood back to the patient through a separate 
lumen. 

Such catheters typically include a catheter hub or branch connector for connecting 
the catheter to tubes leading to and from a dialysis unit. The hub or connector may also 
be adapted for acconmiodating injection syringes, or other extracorporeal equipment 
which may be required for a selected medical procedure. To facilitate connection of the 
catheter hub to such equipment, the hub typically includes extension tubes which 
accommodate clamps for opening and closing the fluid passage ways of the respective 
extension tubes. The clamps serve as on-off valves for controlling the flow of blood 
between the catheter and dialysis unit or other medical equipment. Typical dialysis 
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catheters are shown in U.S. PatentNo. 5,197,951 and U.S. Patent No. 5,486,159 both to 
Mahurkar. 

The requirement of extension tubes and clamps to prevent blood flow after a 
dialysis or other medical procedure has been conducted, makes conventional dialysis 
catheters somewhat cumbersome and uncomfortable for the patient. Manual operation of 
the clamps also requires additional manipulation by the dialysis professional to complete 
the procedure. The external clamps are also prone to tampering and inadvertent opening 
or loosening. 

Accordingly, it would be desirable to provide a small, light-weight catheter which 
reduces the discomfort to the patient and is also automatic in nature thereby reducing the 
manipulation required by the dialysis professional to complete the procedure. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a small, light-weight catheter 
which is uncimibersome and reduces the discomfort to the patient. 

It is another object of the present invention to provide a catheter which is 
automatic in nature requiring minimum manipulation by a medical professional to 
complete a given medical procedure. 

It is a further object of the present invention to provide a catheter which 
eliminates the need for extension tubes and clamps which are prone to tampering and/or 
inadvertent opening or loosening. 

In accordance with one form of the present invention, a self-occluding catheter 
generally includes a body portion for connection to extracorporeal equipment and an 



elongated tubular portion for insertion into a body cavity. The elongated tubular portion 
may be fixed to or made removable from the body portion. The tubular portion includes 
at least one lumen which is in fluid conmiunication with at least one internal fluid conduit 
of the body portion. The body portion also includes an internal transverse bore which is 
in fluid communication with the internal fluid conduits of the body portion. Supported 
within the transverse bore is a spool which is slidable between an open and a closed 
position. A biasing device is provided adjacent the spool for resiliently urging the spool 
to a normally closed position wherein the spool blocks the internal fluid conduits thereby 
preventing fluid flow through the body portion. When a positive or a negative fluid 
pressure is applied to the equipment connection end of the body portion, the spool slides 
to an open position thereby permitting fluid flow through the body portion. When the 
fluid pressure is terminated the biasing device returns the spool to its closed position 
whereby the internal fluid conduits are again blocked. 

The biasing device preferably comprises one or more magnets fixed within the 
body portion which generate a magnetic force for urging a magnetically polarized spool 
to its closed position. In the preferred embodiment, one or more magnets are integrally 
molded within the spool to provide the magnetic charge to the spool. The spool is 
preferably in the form of a cylindrical member having two opposite end portions, a 
shoulder portion positioned between the end portions and a reduced diameter neck 
portion positioned between each of the end portions and the shoulder portion. The 
shoulder portion slides in close fitting relationship with the transverse bore and is acted 
upon by the positive or negative fluid pressure applied to the equipment connection end 
to move the spool to its open position. In the spool's closed position, the end portions 
block both an inlet and an outlet fluid condxxit of the body to prevent fluid flow through 
the body. 

A preferred form of the catheter, as well as other embodiments, objects, features 
and advantages of this invention will be apparent fi:om the following detailed description 



of illustrative embodiments thereof which is to be read in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective, partial cross-sectional, view of the preferred 
embodiment of the self-occluding catheter formed in accordance with the present 
invention. 

Figures 2a, 2b and 2c are schematic drawings illustrating the operation of the 
catheter shown in Figure 1 , 

Figure 3 is a perspective, partial cross-sectional, view of an alternate embodiment 
of the self-occluding catheter formed in accordance with the present invention. 

Figures 4a, 4b and 4c are schematic drawings illustrating the operation of the 
catheter shown in Figure 3. 

Figure 5 is a perspective, partial cross-sectional, view of another alternate 
embodiment of the self-occluding catheter formed in accordance with the present 
invention. 

Figures 6a, 6b and 6c are schematic drawings illustrating the operation of the 
catheter shown in Figure 5. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to Figure 1 , a preferred embodiment of the self-occluding catheter 
formed in accordance with the present invention is shown. The catheter shown in Figure 



1 is a doubie-lumen catheter adapted for hemodialysis procedures, however, the present 
invention may be utilized in single-lumen catheters, as discussed below, or in multiple- 
lumen catheters which may be adapted for any other of a variety of medical procedxires. 

The preferred form of the self-occluding catheter 1 0 generally includes a body 
portion 1 1 , having a generally triangular cross-sectional configuration defining a wide 
proximal end 12, and a narrow distal end 13. An elongated flexible tubular extension 14 
is connected to the distal end 1 3 of the body portion. As \ased herein the terms proximal 
and distal are used to denote opposite ends of body portion 11. The distal end 13 of the 
body portion is provided with an external thread 1 5 which engages with a cooperating 
threaded connector 16 of the tubular extension 14 so that the tubular extension may be 
removed and replaced with other tubular portions or with other catheters. Thus, the body 
portion 1 1 alone may take the form of a catheter connector for connecting conventional 
catheters to extracorporeal medical equipment. Alternatively, the body portion 1 1 and the 
tubular portion 12 may be molded together as a unitary catheter as shown in Figure 3. In 
either case, the tubular portion 1 4 must be flexible to allow for insertion into a body 
cavity. The body portion 1 1 and the tubular portion 14 may be molded or extruded of 
any known biocompatible polymeric material. Silicone is a preferred material for these 
applications because it is inert and is tolerated by the human body for long periods of 
time without reaction. 

The body portion 1 1 includes an inlet fluid conduit 17, an outlet fluid conduit 18, 
a transverse bore 19, an inlet port 20 and an outlet port 21 formed therein to be in fluid 
communication. The inlet and outlet fluid conduits 17 and 18 extend from the distal end 
13 of the body 1 1 and intersect with the transverse bore 19. The inlet and ouflet ports 20 
and 21 extend from the proximal end 12 of the body and intersect with the transverse bore 
19 adjacent respective inlet and outlet fluid conduits 17 and 18, The inlet and outlet fluid 
conduit 1 7 and 1 8 are also in fluid communication with respective inlet and outlet lumens 
(not shown) of the tubular extension 14 when the tubular portion is connected to the body 



1 1 . The conduits 17 and 1 8, the bore 1 9 and the ports 20 and 21 may be formed by 
conventional machining techniques, e.g. drilling, reaming etc,, or may be internally 
molded within the body portion. The inlet and outlet ports 20 and 21 are provided with 
external threads 22 at the proximal end 12 of the body portion 1 1 which cooperate with 
threaded connectors supplied on conventional tubing of extracorporeal equipment such as 
a hemodialysis imit (not shown). The inlet and outlet fluid conduits and ports are formed 
in the shape of a "V" as shown in Figure 1 , however any spatial configuration may be 
utilized. 

As mentioned above, the transverse bore 1 9 is in fluid communication with the 
inlet and outlet fluid conduits 17 and 18 and the inlet and outlet ports 20 and 21. Slidably 
supported within the transverse bore 1 9 is a spool 23 which may be formed of a similar 
biocompatible material as the body 1 1 and tubular extension 1 4, In the preferred 
embodiment, the spool 23 is an elongate member formed with opposite end portions 24 
and 25, a central shoulder portion 26 spaced between the end portions and a neck portion 
27 positioned between and joining each end portion 24 and 25 and the shoulder portion 
26. The spool 23 is generally cylindrical with the shoulder portion 26 having a diameter 
approximately equal to but slightly less than the diameter of the transverse bore 1 9 so that 
the shoulder portion 26 is positioned in close sliding relationship within the transverse 
bore. The diameter of the end portions 24 and 25 is preferably equal to the diameter of 
the shoulder portion 26 and the diameter of the neck portion 27 is smaller than the 
diameters of both the end portions and the shoulder portion. The length of the end 
portions is such that when the spool 23 is centrally positioned within the transverse bore 
1 9 of the body portion 1 1 the end portions completely close or occlude the inlet and 
outlet fluid conduits 17 and 18. The shoulder portion 26 includes a fluid sealing ring 28 
to prevent fluid flow therepast and between the inlet and outlet fluid conduits 17 and 18. 
The fluid sealing ring 28 shown in Figures 1-6 comprises an annular groove formed on 
the shoulder portion 26 which is fitted with an 0-ring, however, other seals such as a 
flaring-pressure seal, a lip seal or a ball bearing seal may be utilized. 



The spool 23 is resiliently urged into its central closed position, (in which the inlet 
and outlet fluid conduits 17 and 18 are occluded), by a biasing device. In the preferred 
embodiment, the biasing device comprises two external magnets 29, fixed in opposite 
ends of the transverse bore 19, which generate a magnetic force upon a magnetically 
charged or polarized spool 23. The spool is magnetically charged by providing internal 
magnets 30 within end portion 24 and 25. Preferably, internal magnets 30 are integrally 
molded into the end portions 24 and 25 to provide the magnetic polarization to the spool 
23. The polarities of the internal magnets 30 and the external magnets 29 are positioned 
such that the magnets generate a magnetic force which urges and maintains the spool 23 
in a central closed position within the transverse bore 19 between the two opposite 
external magnets 29. 

Having described the self-occluding catheter shown in Figure 1 its operation may 
be schematically described with respect to Figures 2a, 2b and 2c. 

Figure 2a shows the location of the spool 23 in its normally closed central 
position wherein the end portions 24 and 25 occlude the inlet and outlet fluid conduits 1 7 
and 18. The normally closed position is maintained by the respective polarities of 
magnets 29 and 30 as indicated in Figures 2a-2c. This is the position of the spool when 
injection caps (not shown) are in place on the threaded port connectors 22 prior to 
connecting the catheter 10 to a dialysis unit. In a typical hemodialysis procedure, the 
tubular extension 14 of the double-lxmien catheter 10 is introduced in the direction of 
blood flow within a large vein in a conventional manner. Once the catheter 1 0 is in place, 
the injection caps are removed and the inlet and outlet ports 20 and 21 of the proximal 
end 12 of the body 1 1 are connected to conventional tubes of a dialysis unit. Prior to 
connection to the dialysis unit, the inlet and outlet pressures, PI and P4, at the inlet and 
outlet ports 20 and 21, respectively, are essentially zero. The venous pressures, P2 and 
P3, applied to the inlet and outlet fluid conduits 17 and 18, respectively, by the 
bloodstream flowing through the vein are relatively low as compared to the magnetic 



force venerated by the internal and external magnets 30 and 29. Therefore, the spool 23 
stays in its central closed position in which the inlet and outlet fluid conduits 17 and 18 
are occluded by the end portions 24 and 25 of the spool, thereby preventing blood flow 
from the vein or air flow into the vein. 

Once connected and activated, the dialysis unit simultaneously applies a positive 
injection fluid pressure +P1 at the inlet port 20 and a negative aspiration fluid pressure - 
P4 at the outlet port 21 . The positive injection pressure +Pl applied at the inlet port 20 
acts upon both the inlet end portion 24 and the shoulder portion 26 of the spool 23 
overcoming the magnetic force applied by magnets 29 and 30 to move the spool in the 
direction of the applied pressure +P1 (i.e., to the right as shown in Figure 2b) and against 
the magnetic force so that the inlet end portion 24 slides away from the inlet fluid conduit 
17. Similarly, the negative aspiration pressure -P4 applied at the outlet port 21 
simultaneously acts upon both the outlet end portion 25 and the shoulder portion 26 to 
move the spool 23 against the magnetic force and in the direction of the applied pressure - 
P4 until the outlet fluid conduit 18 is no longer blocked by the outlet end portion 25. 
With the end portions 24 and 25 no longer occluding the inlet and outiet fluid conduits 17 
and 1 8, blood may flow to and from the dialysis unit through the body portion 1 1 . 

Specifically, blood flows from the dialysis unit into the inlet conduit 17 past the end of 
the inlet end portion 24 and blood flows into the dialysis unit from the ouflet conduit 1 8 
around the neck portion 27 between the outlet end portion 25 and the shoulder portion 26 
of the spool with the spool moved to the right as shown in Figure 2b. When the dialysis 
procedure is completed and the unit is turned off, the inlet and outlet pressures PI and P4 
applied to the inlet and outlet ports 20 and 21 return to zero and the magnetic force of the 
magnets 29 and 30 returns the spool 23 to its central closed position wherein the inlet and 
outlet conduits 17 and 18 are again blocked as shown in Figure 2a. 

The operation described above relates specifically to a hemodialysis procedure in 
which the catheter is connected to a dialysis unit. However, the self-occluding catheter of 
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the present invention may be utilized in a variety of other typical medical procedures. 
For example, in the process of drawing blood a syringe may be inserted in either the inlet 
or outlet port 20 or 2 1 and a negative aspiration pressure may be applied with the syringe 
as shown in Figure 2c. As a result, the spool 23 moves in response to the negative fluid 
pressure, as described above, to unblock the respective fluid conduit so that blood may 
flow around the neck portion 27 of the spool Similarly, a positive fluid pressure, such as 
applied when administering a medication with a syringe, may be applied alone to either 
port thereby moving the spool against the magnetic force to open the inlet conduit as 
described above. Accordingly, the self-occluding catheter of the present invention is not 
limited to hemodialysis procedures. 

Figure 3 shows an alternate embodiment of the present invention in which the 
tubular extension 14 is formed together with the body portion 1 1 as a unitary catheter. 
Figure 3 also illustrates an alternate embodiment of the spool 3 1 comprising two opposite 
end portions 32 and 33 and a single central neck portion 34. The end portions 32 and 33 
have a diameter approximately equal to but slightly less than the diameter of the 
transverse bore 19 such that the end portions fit in close sliding relationship vrithin the 
transverse bore. The end portion 32 adjacent the inlet fluid conduit 17 also includes an 
annular groove for receiving a respective sealing ring 28. As an alternative to integrally 
molded internal magnets 30, the spool 3 1 of Figure 3 is magnetically charged (i.e. 
positively or negatively) by impregnating the polymeric molding material of the spool 
with a positively or negatively charged ferrous material during molding. Thus, the entire 
spool 3 1 is positively or negatively magnetically charged. Again, depending on the 
magnetic charge of the spool, the oppositely disposed external magnets 29 are positioned 
within the transverse bore 1 9 such that their polarities generate a magnetic force urging 
the spool into a central closed position in which the end portions 32 and 33 occlude the 
inlet and outlet fluid conduits 17 and 18 as illustrated in Figures 3 and 4a. 



Operation of this alternate embodiment is similar to that as described above. 
Referring to Figures 4a, 4b and 4c, when the spool 3 1 is in its central normally closed 
position, the end portions 32 and 33 of the spool completely occlude the inlet and outlet 
fluid conduits 17 and 18, respectively. When a positive injection pressure +P1 is applied 
to the inlet port 20 and/or a negative aspiration pressure -P4 is applied to the outlet port 
21, the fluid pressure acts upon the spool 31 to slide it into its open position (i.e., to the 
right as shown in Figure 4b). In its open position blood flows past the end of the inlet 
end portion 32 into the inlet conduit 17 and blood flows around the neck portion 34 of the 
spool 3 1 fi:om the outlet conduit 1 8. As shown in Figure 4c, either a positive or a 
negative fluid pressure applied alone will move the spool 3 1 to its open position. The 
difference here, however, is that the inlet port 20 must be dedicated to receive a positive 
fluid pressure and the outlet port 2 1 must be dedicated to receive a negative fluid 
pressure, whereas in the preferred embodiment, the ports are interchangeable (i.e., both 
ports can receive either a positive or a negative fluid pressure). 

Figure 5 shows another alternate embodiment of the present invention in which a 
single-lumen catheter 40 and an alternate biasing device is utilized. In this embodiment, 
the body portion 41 includes only one internal fluid conduit 42 and port 43 which is in 
fluid communication with a single lumen (not shown) of the tubular portion 44. The 
single-lumen catheter 40 of Figure 5 may be utilized in such typical medical procedures 
as drawing blood and administering medication. The single lumen catheter 40 of Figure 
5 is shown to be essentially one-half of the catheter 10 shown in Figure 1. Other 
configurations of single lumen catheter 40 are within the contemplation of the present 
invention. 

The spool 45 of Figure 5 is similar to the spool 31 shown in Figure 3 in that it 
includes two opposite end portions 46 and 47 in close sliding relationship with the 
transverse bore 19 and a reduced diameter central neck portion 48. In the present 
embodiment, however, the sealing ring 28 is fixed on the end portion 47 opposite the 
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conduit blocking end portion 46, The spool 45 may be molded with internal magnets 30 
in both end portions 46 and 47 which are magnetically urged by two external magnets 29 
fixed at opposite ends of the transverse bore 19, as described above. Alternatively, a 
spring 49 may take the place of one or both of the external magnets 29 for urging the 
spool 45 to its central closed position. Figure 5 shows a spring and magnet combination, 
however, a properly sized spring alone can provide the positioning and resiliency 
required of the spool. Any combination of springs or magnets may be utilized in any of 
the above embodiments of the present invention, however, the biocompatibility of these 
devices must be taken into consideration if either is in contact with the blood flowing 
through the catheter. 

Figures 6a, 6b and 6c illustrate the operation of the single-lumen catheter 40. 
When no pressure is applied at the connection port 43 (i.e., P1=0), the magnets and/or 
springs urge the spool 45 to its normally closed position wherein the conduit blocking 
end portion 46 occludes the internal fluid conduit 42 of the body. When a positive 
injection pressure +P1 is applied to the connection port 43, the fluid pressure acts upon 
both end portions 46 and 47 urging the spool 45 to the right as shown in Figure 6b 
wherein the conduit blocking end portion 46 is moved out of the way of the internal 
conduit 42, thereby allowing fluid flow from the proximal end to the distal end of the 
catheter. Vents 50 are provided through the body portion 41 to vent the volume within 
the chamber 5 1 surrounding the spring 49 so that the spool 45 may move within the 
transverse bore. Referring to Figure 6c, when a negative aspiration pressure -PI is 
applied to the connection port 43, the escaping fluid pressure draws both end portions 46 
and 47 of the spool 45 to the left wherein the internal fluid conduit 42 is again opened 
and fluid may flow from the distal end of the catheter to the proximal end of the catheter 
around the neck portion 48 of the spool. 

Any combination of the above embodiments may be utilized in the present 
invention without taking away from the scope of the invention. What is provided as a 
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result is a reduced size, light-weight catheter which reduces the discomfort to the patient 
and requires less manipulation by the medical professional to complete a given medical 
procedure. Notably, there are no requirements for extension tubes or clamps at the 
connection ports to stop blood flow after the procedure has been conducted. The device 
5 is also tamper resistant and is less prone to inadvertent manipulation. The device may be 
designed to be a unitary catheter or may be a catheter connector in which any desired 
catheter tube may be selected and connected to the body portion. 

Although the illustrative embodiments of the present invention have been 
C3 described herein with reference to the accompanying drawings, it is to be understood that 

\| 0 the invention is not limited to those precise embodiments, and that various other changes 
J and modifications may be effected therein by one skilled in the art without departing from 

S the scope or spirit of the mvention, and it is intended to claim all such changes and 

^ modifications as fall within the scope of the invention. 
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